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WO 95/11009 PCT/US94/11678 
METHOD FOR PREPARING MICROSPHERES COMPRISING A FLUIDIZED 

. BED DRYING STEP 



BACKGROUND OF THE INVENTION 
5 FIELD OF THE INVENTION 

This invention relates to a method for the preparation of microspheres, involving fluidized bed 

drying. 

DESCRIPTION OF BACKGROUND AND RELATED ART 
The instant invention provides for a method for the preparation of microspheres wherein the 
1 0 microspheres are dried in a fluidized bed. The microspheres of the instant invention may encapsulate any 
kind of active agent, such as an antigen, adjuvant, peptide, polypeptide, hormone, antibiotic, and so on. 

Polymer matrices for forming microspheres are described in the literature. U.S. Patent Nos. 
4,917,893 and 4,652,441 disclose a microcapsule produced by preparing a water-in-oil emulsion 

1 5 comprising an inner aqueous layer containing a water-soluble drug, a drug-retaining substance, and an oil 
layer containing a polymer substance; the inner or aqueous layer is thickened or solidified to a viscosity 
of not lower than about 5000 centipoises. The resulting emulsion is .subjected to in-water drying. U.S. 
Patent No. 4,954,298 discloses the production of microcapsules by preparing a water-in-oil emulsion 
composed of a water-soluble drug-containing solution as the inner aqueous phase and a polymer- 

20 ■ - containing solution as the oil phase, dispersing the emulsion in an aqueous phase and subjected the 
resulting water-in-oil-in-water emulsion to an in-water drying, wherein the viscosity of the water-in-oil 
emulsion used in preparing the water-in-oil-in-water emulsion is adjusted to about 150 to about 10,000 
centipoises. 

Hie microspheres of the art have typically been dried by vacuum drying or lyophilization. These 

2 5 methods are time consuming and often result in degradation, or "cracking", of the microspheres so dried. 

Accordingly, it is an object of the invention to provide a method for drying microspheres. 
It is another object to provide a drying procedure for microspheres that reduces the amount of 
time for drying and the amount of degradation of the microspheres. 

These and other objects will be apparent to those skilled in the art 
30 SUMMARY OF THE INVENTION 

Accordingly, the instant invention provides for a method for the preparation of microspheres 
wherein the microspheres are dried in a fluidized bed. The microspheres of the instant invention may 
encapsulate any kind of active agent, such as an antigen, adjuvant, peptide, polypeptide, hormone, 
antibiotic, and so on. A preferred polymer matrix for formation of the microspheres of the instant 

3 5 invention is poly(D-L-lactide-co-glycolide), although any polyester may be used. The microspheres of 

the instant invention are preferably formed by a water-in-oil-in-water emulsion-process. The drying step 
of the instant invention reduces the lengthy time required for more traditional methods of drying and 
reduces the amount of degradation of th microspheres. 

-1- 
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One aspect of the invention is a method for encapsulating an active agent in microspheres, 
comprising 

(a) dissolving a polymer in an organic solvent to produce a solution; 

(b) adding active agent to the solution of (a) to produce a polymer-active agent mixture 
5 comprising a first emulsion or suspension; 

(c) adding the mixture of step (b) to an emulsification bath to produce a microspheres 
comprising a second emulsion; 

(d) hardening the microspheres of step (c) to produce hardened microspheres comprising 
encapsulated active agent; 

10 (e) drying the microspheres of step (d) in a fluidized bed. 

Another aspect of the invention is a composition comprising microspheres encapsulating an 
active agent wherein the microspheres are dried in a fluidized bed. 

Another aspect of the invention is a method for preparing polylactide microspheres, comprising 
drying the microspheres in a fluidized bed. 

15 BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a diagram depicting the bulk erosion process for polylactide (PLGA) microspheres. 
PLGA microspheres are typically hydrated prior to administration. Water hydrolyzes the ester linkages in 
the PLGA backbone as shown in the inset diagram resulting in a bulk erosion of the polymer over time. 
The rate of hydrolysis depends upon the water content of the microspheres, the solvent environment (e.g M 

2 0 pH), and the temperature. The number of scissions in the polymer backbone required to cause 
fragmentation of the microspheres is dependent on the polymer molecular weight 

Figure 2 is a diagram depicting in vivo degradation rate for PLGA polymers modified from 
Miller et al. (J. Biomed. Mater. Res. 11:711-719, 1977). The X-axis represents the relative ratio of 
either lactide or glycolide for each PLGA. The slowest degradation rates for a given polymer molecular 

2 5 weight occur for the polylactic acid (PLA) and polyglycolic acid (PGA) systems. The fastest degradation 
rate was achieved with PLGA containing an equal molar ratio of lactide and glycolide. The in vivo half- 
time to complete degradation was measured by histology studies in rats. 

Figure 3 is a diagram depicting the microsphere production process using a double emulsion 
method. PLGA polymers at different molecular weights were added to methylene chloride and allowed to 

30 dissolve. A solution of MN rgpl20 or rhGH (human growth hormone) was then injected into the 
methylene chloride while homogenizing. The homogenized solution was added to a polyvinyl alcohol 
(PVA) solution. The PVA solution was saturated with methylene chloride (1.5% v/v) for some 
experiments. The PVA and polymer solutions were mixed in a one liter fermenter to form the final 
water-in-oil-in-water emulsion. The resulting microspheres were then transferred to the hardening bath 

35 which contained an excess of water to extract the remaining methylene chloride. The hardened 
microspheres were then washed and dried by lyophilization or low temperature (5° C) nitrogen (fluidized 
bed) or vacuum drying to produce the final microspheres for in vivo and in vitro analysis. The items 
listed in italics are the variabl s for each process step. 
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Figure 4 is a diagram depicting an air lift (fluidized bed) drying system for nitrogen drying of 
PLGA microspheres, (a) Slurry from a diafiltration unit is pumped into the chamber with the upper 
piston (b) above the inlet. The upper piston is then moved down and the excess liquid is pressurized out 
by applying nitrogen through the upper inlet (c). The airflow is th n redirected to suspend the 
5 microspheres by purging with nitrogen through the lower inlet (d) and releasing the nitrogen through the 
upper inlet (c). After complete drying (1 to 2 days), the dry powder is removed by placing a collection 
vessel (side arm flask, not shown) on the outlet, moving the upper piston (b) above the outlet, and 
applying nitrogen pressure at the lower inlet (d) while pulling a vacuum on the collection vessel. 
Alternatively, the drier can be designed with both pistons welded in place and the upper piston located 
1 0 above the inlet for the slurry. After pumping in the slurry, the slurry outlet side arm is then sealed by a 
valve during drying. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
A, PEFINITIQNS 

The terms "polylactide" and "PLGA" as used herein are used interchangeably and arc intended to 
15 refer to a polymer of lactic acid alone, a polymer of glycolic acid alone, a mixture of such polymers, a 
copolymer of glycolic acid and lactic acid, a mixture of such copolymers, or a mixture of such polymers 
and copolymers. A preferred polymer matrix for formation of the microspheres of the instant invention is 
poly(D-L-lactide-co-glycolide). 

The term "active agent" as used herein denotes a compound of interest encapsulated in the 
2 0 microspheres of the invention, such as a therapeutic or biological active compound. Exemplary active 
agents include but are not limited to ligands, antigens, adjuvants, hormones, antibiotics, enzymes, and so 
on. "Active agent" is not limited to a single agent, but is intended to include a plurality of active agents, 
such as combinations of antigens, combinations of antigen(s) and adjuvants, and so on. 

The term "encapsulation" as used herein denotes a method for formulating an active agent into a 

2 5 composition useful for controlled release of the active agent Examples of encapsulating materials useful 

in the instant invention include any encapsulating material, preferably polyesters, and especially polymers 
referred to herein as "polylactides" or "PLGA." 

"Fluidized bed" as used herein refers generally to a bed of granular particles through which a 
stream of gas is slowly flowing upward, such that with further increase in gas velocity, the pores and 

3 0 channels enlarge and the particles become more widely separated. Included in this definition are fluidized- 

or fixed-bed configurations, including but not limited to slurry and trickle-bed reactor systems. Gases 
used in the fluidized bed are preferably nitrogen, oxygen, and carbon dioxide, although any dry gas which 
facilitates removal of water and/or other solvents may be used. The methodology for designing a 
fluidized- or fixed-bed system is widely known in the art, as are examples of fluidized-bed systems useful 
35 in practicing the instant invention (see, for example, Perry & Chilton (Chemical Engineers' Handbook, 
R. H. Perry & C. H. Chilton, Eds., Fifth Edition, pp. 4-20 - 4-40, 5-52 - 5-55, 1973). 

The term "excipient" as used herein denotes a non-therapeutic carrier added to a pharmaceutical 
composition that is pharmaceutically acceptable, i.e., non-toxic to recipients at the dosages and 
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concentrations employed. Suitable excipients and their formulation are described in Remington 1 ?; 
Pharmaceutical Sciences, 16th ed., 1980, Mack Publishing Co., Osl , et al., ed. 

The term "organic solvent" as used herein is intended to mean any solvent containing carbon 
compounds. Exemplary organic solvents include halogenated hydrocarbons, ethers, esters, alcohols and 
5 ketones, such as, for example, methylene chloride, ethyl acetate, a mixture of ethyl acetate and benzyl 
alcohol or acetone, dimethyl sulfoxide, tetrahydrofuran, dimethylformamide, and ethanol. 

"Polypeptide" as used herein refers generally to peptides and proteins having at least about two 
amino acids. 

The term "dry" or "drying" as used herein refers to removal of water sufficient to provide a final 
1 0 product with less than 20% (w/w) residual moisture. 

The term "harden" as used herein in reference to microspheres refers to the extraction of excess 
organic solvent from the polymer phase. 
B. GENERAL METHODS 

In general, microencapsulation of an antigen or adjuvant is performed according to the protocol 
1 5 briefly outlined in Figure 3. In summary, PLGA of the desired ratio of lacude to glycolide (about 100:0 
to 0:100 weight percent, more preferably, about 65:35 to 35:65, most preferably about 50:50) and 
inherent viscosity (generally about 0.1 to 1.2 dL/g, preferably about 0.2 to 0.8 dL/g) is first dissolved in 
an organic solvent such as methylene chloride, or ethyl acetate with or without benzyl alcohol or acetone 
to the desired concentration (generally about 0.05 to 1.0 g/mL, preferably about 0.3 to 0.6 g/mL). A 

2 0 concentrated antigen or adjuvant solution (for example, typically at least 0. 1 mg/mL for polypeptides, 

preferably greater than about 100 mg/mL, depending, for example, on the type of polypeptide and the 
desired core loading) is then suitably injected (such as with a 25 gauge needle) into the polymer solution 
while homogenizing at about 15,000 to 25,000 rpm. Dry antigen or adjuvant can be used in place of 
aqueous antigen or adjuvant After homogenization (generally about 0.5 to 5 minutes, more preferably 
25 for 1 minute), the emulsion is added to the reaction kettle (emulsification bath) or static mixer (not 
shown) to form a second emulsion. The emulsification bath is typically a polyvinyl alcohol solution, 
optionally including ethyl acetate. The reaction kettle is mixed at high speed (generally about 1700 to 
2500 rpm) to generate small microspheres (about 20 to 100 mm median diameter). The second emulsion 
is transferred to a hardening bath after a sufficient period of time, generally about 0.5 to 10 minutes, 

3 0 preferably about 1 minute, and allowed to gently mix for a suitable time, generally about 1 to 24 hours, 

preferably about 1 hour. When hardening is complete, the microspheres are prefiltered (such as with a 
150 mm mesh), concentrated and diafiltered. Diafiltering is suitably accomplished in an Amicon stirred 
cell (2500 mL), preferably with about a 16 or 20 um filter. The microspheres are washed, typically with 
about 1 to 100 L, preferably about 15 L of prefiltered water and typically with about 1 to 100 L, more 
3 5 preferably 15 L of 0.1% Tween® 20. The final microspheres are removed from the filter and resuspended 
in water and filled in vials, preferably at about 500 mU vial in 3 cc vials. The microspheres can then be 
dried. Drying includes such methods as lyophilzation, vacuum drying, and fluidized bed drying. 

Three other xemplary methods can be employed to produce microsph res. The first method 

-4- 
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utilizes a solvent evaporation technique. A solid or liquid activ agent is added to an organic solvent 
containing the polymer. The active agent is then emulsified in the organic solvent. This emulsion is 
men sprayed onto a surface to create microspheres and the residual organic solvent is removed under 
vacuum. The second method involves a phase-separation process, often referred to as coacervation. A 
5 first emulsion of aqueous or solid active agent dispersed in organic solvent containing the polymer is 
added to a solution of non-solvent, usually silicone oil. By employing solvents that do not dissolve the 
polymer (non-solvents) but extract the organic solvent used to dissolve the polymer (e.g. methylene 
chloride or ethyl acetate), the polymer then precipitates out of solution and will form microspheres if the 
process occurs while mixing. The third method utilizes a coating technique. A first emulsion 

10 comprising the active agent dispersed in a organic solvent with the polymer is processed through an air- 
suspension coater apparatus resulting in the final microspheres. 

The degradation rate for the microspheres of the invention is determined in part by the ratio of 
lactide to glycolide in the polymer and the molecular weight of the polymer. Polymers of different 
molecular weights (or inherent viscosities) can be mixed to yield a desired degradation profile. 

15 The microspheres of the instant invention can be prepared in any desired size, ranging from 

about 0.1 to upwards of about 100 mm in diameter, by varying process parameters such as stir speed, 
volume of solvent used in the second emulsion step, temperature, concentration of polymer(s), and 
inherent viscosity of the polymer(s). 

The formulations of the instant invention can contain a preservative, a buffer or buffers, 

20 multiple excipients, such as polyethylene glycol (PEG) in addition to trehalosejp r mannit ol, or a 
nonionic surfactant such as Tween® surfactant Non-ionic surfactants include polysorbates, such as 
polysorbate 20 or 80, and the poloxamers, such as poloxamer 184 or 188, Pluronic® polyols, and other 
ethylene oxide/propylene oxide block copolymers, etc. Amounts effective to provide a stable, aqueous 
formulation will be used, usually in the range of from about (Xl %(w/v) to jbout 30%(w/v) . 

2 5 The pH of the formulations of this invention is generally about 5 to 8, preferably about 6.5 to 

7.5. Suitable buffers to achieve this pH include, for example, phosphate, Tris, citrate, succinate, acetate, 
or histidine buffers, depending on the pH desired. Preferably, the buffer is in the range of about 2 mM to 
about 100 mM. 

Examples of suitable preservatives for the formulation include phenol, benzyl alcohol, meta- 
30 cresol, methyl paraben, propyl paraben, benzalconium chloride, and benzethonium chloride. Preferred 
preservatives include about 0.2 to 0.4%(w/v) phenol and about 0.7 to l%(w/v) benzyl alcohol, although 
the type of preservative and the concentration range are not critical. 

In general, the formulations of the subject invention can contain other components in amounts 
not detracting from the preparation of stable forms and in amounts suitable for effective, safe 

3 5 pharmaceutical administration. For example, other pharmaceutically acceptable xcipients well known to 

those skilled in the art can form a part of the subject compositions. These include, for example, salts, 
various b ulking a gents, additional buffering agents, chelating agents, antioxidants, cosolvents and the 
like; specific examples of thes includ tris-(hydroxymethyl)aminomethane salts ('Tris buffer"), and 



WO 95/11009 



PCT/DS94/11678 



disodium edetate. 

The microspheres are placed into pharmaceutical^ acceptabl f sterile, isotonic formulations 
together with any required cofactors, and optionally are administered by standard means well known in the 
field. Microsphere formulations are typically stored as a dry powder. 
5 Further details of the invention can be found in the following examples, which further define the 

scope of the invention. All references cited herein are expressly incorporated by reference in their entirety. 

EXAMPLES 

1. MATERIALS AND METHODS 

a. Materials 

1 0 Poly(D-L-lactide-co-glycolide) (PLGA) was purchased from both Boehringer Ingelheim (BI) and 

Medisorb Technologies International LP. (Mil). PLGA at 12 kD and 100 kD were obtained from BI and 
PLGA at 18 kD and 100 kD were obtained from MTI. The polymer compositions were either 50:50, 
65:35, or 75:25 lactide:glycolide. The 10% polyvinyl alcohol solution (PVA Airvol 205, Air Products) 
was prepared by dissolving solid PVA in warm water (approximately 80° C). The final PVA solution 

15 was filtered with 0.22 fim Millipak filters from Millipore. Methylene chloride (technical grade) was 
purchased from Baxter S/P. 

MN rgpl20 (Lot# Y16531/G90557) was supplied in bulk at 2.3 mg/mL protein in 20 mM Tris, 
0.120 M NaCl, pH 7.4 from Genentech, Inc. It was concentrated with a Amicon stirred cell concentrator 
using a YM 30,000 MW cutoff membrane at 4° C to a final concentration of 154 mg/mL and stored at 2 

20 to8°C 

Lyophilized QS21 (approximately 80% pure, Lot# D1949) was supplied from Cambridge 
Biotech (Cambridge, MA). QS21 was prepared at 200 mg/mL by dissolving the lyophilized QS21 
powder in 50% ethanol/water. QS21 was also dissolved in 50% ethanol with 20% Tween® 20 in an 
attempt to increase the encapsulation efficiency and release rate. The QS21 solutions were prepared and 

2 5 used on the same day as the encapsulation. 

rhGH was supplied in bulk from Genentech, Inc., at 5 - 10 mg/mL protein in 10 mM 
ammonium bicarbonate, pH 7. The protein was filtered with a 0.22 \m filter, filled at 20 mL in 100 cc 
vials and lyophilized to produce a dry powder. The lyophilized protein was reconstituted to 10 mg/mL 
protein with 5 mM potassium phosphate buffer, 2.5 mg/mL trehalose, pH 8. The protein was then 

3 0 filtered with a 0.22 \im filter, filled at 20 mL in 100 cc vials, and lyophilized again to produce a dry 

powder. This final powder was reconstituted to 400 mg/mL rhGH with 5 mM potassium phosphate 
buffer at pH 8. This rhGH solution contained 100 mg/mL trehalose and about 100 mM potassium 
phosphate, pH 8. 

b. Microencapsulation 

3 5 The production of rgpl20 microspheres was performed by a double emulsion water-in-oil-in- 

water (WOW) as discussed abov in general terms. More specifically, the PLGA concentrations in 
methylene chloride were 0.3 or 0.6 g/mL, and the first emulsion was homogenized at 15,000 rpm and 0 
to 1° C in a water bath. After 1 minute of homogenization, the first emulsion (10 mL) was added to 900 
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mL of 10% PVA solution containing 1.5% m thylene chloride and emulsified at high speed (800 to 2500 
rpm) for 1 minute in the reaction kettle (2 to 8° C). To improv the encapsulation efficiency, the second 
emulsion was also performed with 10% PVA that did not contain methylene chlorid and the temperature 
of th second emulsion was maintained at 0 to 3° C. To achi v the reduced temperature, the ethylene 
5 glycol in the cooling jacket of the reaction kettle was kept at -15° C. The second emulsion was then 
transferred to the hardening bath containing 12 liters of prefiltered water (MilliQ water system, Millipore 
Corp.) at 2 to 8° C. The microspheres were allowed to harden for 1 hour. The hardened microspheres 
were concentrated to about 1.5 L and diafiltered against 15 L of prefiltered water followed by 15 L of 
0.1% Tween® 20. The Amicon stirred cell (2.5-L) was operated with different filter systems depending 

10 upon the desired particle size. After washing, the microspheres were concentrated to dryness. Hie 
concentrated microspheres were removed from the filter by using a cell scraper and resuspended in 
prefiltered water to approximately 0.3 gm/mL. 

QS21 was dissolved in 50% ethanol with or without Tween® 20 as described above. As with 
the rgpl20 solutions, the QS21 solution was injected into the polymer phase. For the microsphere 

15 preparations containing both rgp!20 and QS21, the rgpl20 solution was injected into the polymer phase 
after the QS21 solution to reduce the potential interaction between rgp!20 and the ethanol in the QS21 
solution. The microencapsulation of QS21 was performed with conditions similar to those described 
above for rgpl20. 

The microencapsulation of rhGH in PLGA was performed by using a double emulsion water-in- 
2 0 oil-in water (W/O/W) system as illustrated in Figure 3. The polymer was added to the organic solvent 
(methylene chloride or ethyl acetate) and then the solution was cooled to 1° C. The solution was 
homogenized at 7000 rpm while maintaining the solution at 1° C. The protein solution (water phase) 
was then injected in 30 - 60 seconds into the polymer phase near the tip of the homogenizer operating at 
7000 rpm. The homogenization continued for an additional 1 min and the primary emulsion was 

2 5 generated. The 6% PVA solution (with or without methylene chloride) was cooled to 0 to 3° C and stirred 

at a constant speed (1800 - 2500 rpm). The primary emulsion was then introduced into the PVA 
solution (via metal injector, nitrogen pressurization or peristatic pumping) near the lower impeller and 
the secondary emulsion was created. The emulsification continued for an additional 1 min. The double 
emulsion was then transferred to the hardening bath which was stirred at a constant speed and maintained 
30 at 2 to 8° C. The microspheres were allowed to harden for 1 hr at 5°C with constant stirring. The 
content of the hardening bath was siphoned through a 150 jtra mesh and into the holding tank. The 
microspheres were then concentrated and washed in a 2.5 liter Amicon stir cell (fitted with a 25 \im 
mesh). Several cycles of low and high volumes of the wash solution in the stir cell were performed to 
provide efficient removal of microspheres that were smaller than 25 \tm. Washed microspheres were 

3 5 harvested by washing the 25-nm filter with about 100 mL of 0.1% Tween 20, collected in a 250 mL 

beaker and allowed to settle at 5°C for about ihr. The supernatant, which contained small microspheres 
that did not settle, was removed by aspiration and the remaining microspheres were prepared for drying. 
In some experiments, the hardening bath and washing steps were replaced with a vortex flow filtration 
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system. The double emulsion was poured into a hardening bath containing 6 liter of MilliQ water and 
sent to the vortex flow filtration system. The content was pumped through the feed inlet and passed over 
a rotating 25 urn cartridge m mbrane. Microspheres smaller than 25 |xm passed through the m mbran 
(permeate), while the rest of the microspheres were recirculated back into the hardening bath for further 
5 hardening and filtration. A constant supply of fresh water (or 0.1% Tween 20) was delivered to the 
hardening bath and the liquid level was maintained. At the end of this process, the microspheres were 
collected, filtered through a 150+im mesh, and allowed to settle, and the supernatant was removed. The 
. final microspheres were then dried. 

c. Drying Methods 

10 Tnr^ different drying methods were used to dry the microspheres: lyophilization, vacuum 

drying, and fluidized bed drying by using the system shown in Figure 4 or a 5 mL Amicon stirred cell. 
Lyophihzation and vacuum drying were performed by placing an aqueous suspension of the microspheres 
in 3-mL vials with vented stoppers. For lyophilization, the suspensions were frozen at -55° C for 4.75 
hours followed by warming to -20° C. While at -20° C, a vacuum of 250 mTorr was applied for 12 

15 hours. After completion of the bulk water removal stage (primary drying), the samples were wanned to 
20 C and held under a vacuum of 250 mTorr for 6 hours. Vacuum drying was conducted by placing the 
vials in a sealed desiccator at 2-8° C and applying a vacuum for 1 week to obtain residual moistures of < 
20%. For fluidized bed drying, a suspension of the final microspheres was added to the airlift drier 
(Figure 4) or a stirred cell and the residual liquid was removed by applying a slight (approximately 2 psi) 

2 0 nitrogen pressure to the column (nitrogen flow downward). After the residual liquid was removed, the 
nitrogen flow was directed upward through the airlift drier or Amicon stirred cell to suspend the 
microspheres. The nitrogen line was connected to a prefilter (0.22 Jim) for the stirred cell and a 
desiccating column with prefilters for the airlift drier. A water bath was connected to the jacket of the 
airlift drier to maintain the system at 5° C. The Amicon stirred cell drying was performed in a 2 to 8° C 

2 5 cold room. 

d. Microsphere Loading 

The protein content of the MN rgpl20-PLGA and rhGH-PLGA microspheres was determined as 
follows. Dried microspheres were added (10 to 20 mg) to 1 mL of 1 N NaOH and allowed to dissolve by 
shaking at room temperature for 2 to 16 hours. Standards of MN rgpl20 or rhGH were prepared by 

3 0 adding 5 N NaOH to the stock solutions of each protein (1.5 mg/mL MN rgpl20; 5 mg/mL rhGH) to 

yield a 1 N NaOH solution. In 1 N NaOH, tyrosine is deprotonated resulting in a significant shift in the 
absorbance maximum and, thus, protein dissolved in 1 N NaOH will have a different absorbance spectrum 
than native protein in buffer at neutral pH. Standard solutions containing different concentrations of MN 
rgpl20 or rhGH in 1 N NaOH were used to determine the shifted absorbance maxima of the protein and 
35 the extinction coefficient at this wavelength. The extinction coefficient for MN rgpl20 in 1 N NaOH 
was 1.39 cm-l(mg/rnL)-l at 284 nm. The extinction coefficient for rhGH in 1 N NaOH was 1.114 cm- 
l(mg/mL)-l at294nm. 

The amount of protein released from the microspheres was determined by the Pierce Chemical 
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Co. BCA Protein Assay. Both lyophilized and "wet" microspheres were analyzed. "Wet" microspheres 
were defined as microspheres that wer removed from the diafiltration cell and suspended in release 
medium without additional processing. The amount of protein released was then used to calculate the 
percent of MN rgpl20 or rhGH released (percent of total) from the microspheres based on the mass of 
5 microspheres in the release device, the protein loading of the microspheres, and the volume of the release 
medium (20 mg of microspheres in 300 nl of 10 mM Hepes, 100 mM NaCl, 0.02% (w/w) Tween® 20, 
0.02% NaN3,pH 7.4). 

The amount of QS21 encapsulated in the PLGA microspheres was determined by dissolving the 
microspheres in 1 N NaOH at room temperature overnight The completely dissolved solutions were 

10 neutralized with 6 N HC1. The samples were then injected onto a SEC column, TSK G3000SW XL 
(0.78 x 30 cm), equilibrated in 0.4 M KPO4, pH 7.0. The column running conditions were the same as 
those used for the SEC analysis of rgp!20. Since QS21 degrades in 1 N NaOH, the chromatographs 
from SEC analysis contained several peaks. To quantify the total amount of QS21, the peak areas 
corresponding to QS21 and its degradation products were used in the determination of the core loading. 

15 As standards, known amounts of QS21 were added to placebo microspheres and then treated with 1 N 
NaOH. SEC analysis was performed on the standards and the peak areas from the standards were used to 
calculate the amount of QS21 in each sample. 

QS21 released from microspheres was quantitated by a 5 Jim YMC C4 (0.46 x 25 cm) RP- 
HFLC with 1 mL/min flow rate and detection at 214 nm. A linear gradient was run in 15 minutes from 

20 25 to 75% of solution B (Solution A: 0.1% TFA in water; Solution B: 0.1% TFA in 90% acetonitrile). 
QS21 controls were also run. In RP-HPLC analysis, the rgp!20 peak elutes before the QS21 peak and, 
therefore, this method provides simultaneous quantitation of QS21 and rgpl20 released from the 
microspheres. 

25 2. RESULTS 

a. Effect of Prying on Initial Pwm and Quality of the Microspheres 

To investigate the correlations among the initial burst, polymer, and drying technique, drying 

experiments were performed on several microsphere preparations. The drying techniques used in these 

studies were lyophilization, vacuum drying, and fluidized bed drying. The amount of initial protein 

3 0 released (1 hour incubation) from microspheres dried with each of these techniques was compared to the 
initial burst (1 hr) from microspheres that were analyzed immediately after production (wet). 

One method used to reduce the microsphere drying time was lyophilization, which usually 
requires only one to two days. Lyophilization or vacuum drying of the low molecular weight PLGA 
formulations resulted in a 1.5 to 8-fold increase in the initial burst. Aqueous protein droplets 

3 5 encapsulated at or near the surface of the microspheres probably cause the initial burst from these 
microspheres. If the viscosity of the first emulsion is increased, the aqueous droplets formed during 
homogenization are less likely to coal see. Thus, small droplets at or near the surface will release less 
total protein for microspheres containing the same total aqueous volume. To increase the viscosity of the 
first emulsion, the PLGA concentration in the methylene chloride can be raised. By increasing the PLGA 
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(12 kD) concentration from 0.3 to 0.6 g/mL, the initial burst from lyophilized or vacuum dried 
microspheres was reduced from greater than 50% to 30 to 50%. Initial microsph res produced at 0.3 
g/mL 12 kD (50:50 lactiderglycolide) PLGA in the first emulsion were also cracked and broken after 
lyophilization. During lyophilization, the microspheres are frozen and the excess water is removed by 
5 sublimation. The formation of ice crystals within the microspheres can contribute to cracking or 
complete fracture of the microspheres. The stability of the aqueous droplets can be increased by 
increasing the viscosity of the first emulsion through reductions in temperature and by removing the 
excess methylene chloride from the second emulsion, causing a more rapid formation of microspheres. 
When the process conditions were modified to include both these changes, the microspheres were not 

10 broken or cracked after lyophilization or vacuum drying, but did have a large initial burst (greater than 
65%). The large initial burst is likely the result of the instability of the first emulsion encapsulated 
within the microspheres. More aqueous droplets can accumulate at the surface if the polymer is wanned 
above 2 to 8° C and, thus, provide the large initial burst that was observed in the intact microspheres. 

In contrast, lyophilization did not cause cracking or breakage of microspheres produced with 

15 either an equal mass ratio blend of high and low molecular weight PLGA or high molecular weight 
PLGA alone when produced at low temperature without excess methylene chloride in the second 
emulsion. These microsphere preparations also did not have a large initial burst (less than 30%, Table 
1). In addition, microspheres produced with the high molecular weight PLGA had a much lower initial 
burst after lyophilization or vacuum drying (Table 1). Both the equal mass ratio blend of high and low 

20 molecular weight polymer and the high molecular weight polymer preparations did not reveal a 
correlation between protein loading and initial burst for loadings ranging from 1.8 to 3.9% w/w. 
However, at very low protein loading (0.5% w/w), microspheres produced with the same conditions had a 
greatly reduced initial burst Because the initial burst is controlled by the diffusion of protein out of the 
microspheres, the rate of release (initial burst) will be dependent upon the concentration difference 

2 5 between the bulk solution and the hydrated, accessible protein (surface protein). The amount of protein at 
the surface will also be reduced since the protein concentration in the aqueous droplets is reduced. 
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Table 1: Effect of Drying Meth d n Initial Burst 3 

Polymer Protein L ading b Initial Burst (1 hr) 

(lactide:glycolide) (% w/w) wet c lyopbilized d fluidized bed e 



12/100 kD (50:50) BIf 


3.1 


16 


19 


12 




3.5 


5 


22 


10 




1.8 


15 


15 


10 




1.8 


19 


23 


. 22 




0.5g 


2 


0.4 


1 


18/100 kD (50:50) MTI f 


3.8 


12 


23 


8 




3.9 


9 


32 


17 




1.8 


5 


15 


7 




1.8 


7 


13 


4 


100 kD (50:50) MTI 


1.8 


10 


10 


2.4 



a Microspheres were prepared as described in Materials and Methods (0.3 g PLGA/mL methylene chloride, 
0.1 mL gpl20 protein solution/mL methylene chloride, reduced temperature, no excess methylene chloride 
20 in second emulsion). 

b All preparations had greater than 95% encapsulation efficiency. 

c Microspheres were analyzed immediately after production without drying. 

d Lyophilization was performed with the following cycle: 4.75 hr at -55° C, 12 hr at -20°C with 250 mTorr, 
and 6 hr at 20° C with 250 mTorr. 
25 e Fluidized bed drying was performed by passing nitrogen through the microspheres on a 20um mesh in 
either a fluidized bed system (see Figure 4) or in an Amicon stirred cell where the nitrogen flow is directed 
upward. 

* A 50:50 mass ratio of the low and high molecular weight PLGA was used to produce these microspheres, 
g Values for the initial burst from these microspheres were very low and difficult to measure. Thus, these 
3 0 values are only accurate to ±1% (e.g., 2 ± 1% initial burst). 



b. Comparison of Drying Methods 

In separate experiments, microspheres were prepared under different process conditions and 
analyzed for the effect of drying conditions on the initial burst. The results in Table 2 demonstrate a 
3 5 consistent reduction in the initial burst when lyophilized or vacuum dried microspheres are compared with 
microspheres dried with nitrogen in a fluidized bed. Table 3 describes the process conditions used in 
Table 2. In these experiments, the process was operated at low temperature (1 ° C for first emulsion; 3° C 
for second emulsion) and the protein formulation was 400 mg/mL rhGH, 100 mg/mL trehalose, 100 mM 
potassium phosphate, pH 8. 
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Table 2: Effect of Drying Method on Initial Burst from rhGH-PLGA 
Microsph rs Pr pared by th Water-in-OH-in-Water Doubl Emulsion 
M thod 



5 


Core Loading 
(% w/w) 
Conditions^ 


Initial 
Wet b 


Burst from Drying Method 8 (% of T tal) 
Lyo. c V a c u u m d 


Prnrpcc 

f luiaizea 




7.0 


31.4 


64.7 


ND8 


41.7 


A 




7.4 


57.8 


73.9 


ND 


54.3 


B 


10 


9.0 


27.3 


ND 


51.1 


31.5 


C 




9.1 


53.5 


87.3 


ND 


65.2 


D 




9.2 


17.8 


36.9 


ND 


16.5 


E 




9.5 


17.2 


ND 


23.3 


8.4 


E 




10.2 


15.5 


35.7 


ND 


10.6 


E 


15 


10.3 


29.2 


,41.9 


ND 


24.3 


F 



8 Microspheres were incubated in release media for 1 hour and the amount of protein released was measured (% 

release= 100% * (mass protein release/total mass in microspheres)). 
0 Microspheres were analyzed immediately after production without drying. 

20 c Lyophilization was performed with the following cycle: 4.75 hr at -55° C, 12 hr at -20°C with 250 mTorr, 
and 6 hr at 20° C with 250 mTorr. 

d Vacuum drying was done by placing partially stoppered vials in a desiccator and pulling a vacuum at 2-8° C. 
e Fluidized bed drying was performed by passing nitrogen through the microspheres on a 20|im mesh in either 

a fluidized bed system (see Figure 4) or in an Amicon stirred cell where the nitrogen flow is directed upward. 
25 f Microspheres were prepared at several different process conditions and the letters (A-F) refer to the 

conditions listed in Table 3. 
8 ND indicates "not determined." 



30 


Table 3: 


Process Conditions for rhGH-PLGA Microsph 


eres from 


Table 2 


Process 


V a /V 0 


[PLGA] 


Second Emulsion 


Solvent 0 


Polymer 




Condition 


(mL/mL) 


(g/mL) 


PVA % 


a Device 0 


(dL/g; lactide:glycoIide; 














Vendor) 


35 


A 


0.25 


0.58 


6.0 


SM 


EtAc 


0.21 ; 65:35 ; MTI 




B 


0.10 


0.30 


9.0 


SM 


EtAc d 


0.21; 48:52 ;BI 




C 


0.26 


0.58 


6.0 


F 


MeCl2 


80:20 mass ratio of 
















0.21; 48:52 ; BI 
















DJL-lactide 


40 


D 


0.10 


0.30 


9.0 


SM 


EtAc d 


90:10 mass ratio of 
















0.21; 48:52 ; BI 
















0.53; 51:49 ;MT1 




E 


0.26 


0.58 


6.0 


F 


MeCl2 


0.21; 48:52 ; BI 


45 


F 


0.27 


0.40 


6.0 


SM 


MeCl2 


0.21; 48:52 ; BI 















Polyvinyl alcohol was dissolved in prefiltered water (MilliQ water, Millipore). When ethyl acetate was used 
as the solvent, the PVA solution contained 10% ethyl acetate. Methylene chloride was not added to the PVA 
solution for these preparations. 

D The mixing device used to produce the second emulsion (water-in-oil-in-water) was either a static mixer (SM) 
50 or a fermenter (F). 



c The polymer was dissolved in either ethyl acetate (EtAc) or methylene chloride (MeCl2). 

d 5% acetone was added to the ethyl acetate/PLGA solution to facilitate dissolution of the PLGA. 

Table 4 provides similar data for solid human growth hormone. The starting lyophilized protein 

formulation (trehalose, rhGH, and phosphate) was produced by a rapid freezing method which resulted in 

55 the f rmation of small solid particles. Microspheres were prepared by dissolving 4 g of PLGA (0.21 

dL/g) in 10 mL of ethyl acetate and adding ither 500 mg (e) or 750 mg (f) of lyophilized rhGH. The 
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mixtur was then homogenized at 7000 rpm for 90 seconds at 1° C. The PLGA phase was then pumped 
to th inlet of a static mixer at 15 mL/min while a 9% PVA solution containing 10% ethyl acetate was 
pumped to the same inlet at 2 L/min. The outlet of the static mixer was attached to a stirred tank 
(hardening bath) containing 12 L of prefiltered water. After one hour in the hardening bath, the 
5 microspheres were filtered with a 150-pjn mesh and then diafiltered with a 20-^im mesh and 60 L of 0.1% 
Tween at 2-8° C. The final microspheres were then dried as indicated in the Table. 

Table 4: Effect of Drying Method on Initial Burst from rhGH-PLGA Microspheres 
Prepared by the Solid-in-OH-in-Water Emulsion Method 

10 

Core Loading Initial Burst from Drying Method 11 (% of Total) 
(% w/w) Wet b Lyo. c Fluidized Bed d 



15 1.8 e 15.7 56.7 20.2 

2.3 f 17.9 62.5 15.8 

a Microspheres were incubated in release media for 1 hour and the amount of protein released was measured (% 
20 release= 100% * (mass protein release/total mass in microspheres)). 

0 Microspheres were analyzed immediately after production without drying. 

c Lyophilization was performed with the following cycle: 4.75 hr at -55° C, 12 hr at 20°C with 250 mTorr, 

and 6 hr at 20° C with 250 mTorr. 
d Fluidized bed drying was performed by passing nitrogen through the microspheres on a 20um mesh in 
2 5 either a fluidized bed system (see Figure 4 ) or in an Amicon stirred cell where the nitrogen flow is directed 

upward. 

e 500 mg hGH was added in the first emulsion, 
f 750 mg hGH was added in the first emulsion. 

30 Table 5 provides similar data for MN rgpl20 encapsulated by the double emulsion method. 

Microspheres were prepared by dissolving 3 g of PLGA in 10 mL of methylene chloride. 1 mL of MN 
rgpl20 was injected into the PLGA solution while homogenizing at 15,000 rpm. After injection, the 
emulsion was homogenized for 1 min. The PLGA consisted of a 50:50 mass ratio of 0.21 dL/g (48:52 
lactide/glycolide) and 0.76 dL/g (48:52 lactide/glycolide) from BI (e) or 0.24 dL/g (50:50 lactide/glycolide) 

35 and 0.75 dL/g (51:49 lactide/glycolide) from MTI (f). The first emulsion was performed at 1° C. The 
first emulsion was added to a well mixed fermenter containing 900 mL of a 9% PVA solution at 3° C. 
After mixing for 1 min t the second emulsion was added to 12 L of prefiltered water at 2-8° C and allowed 
to harden for 1 hr. The microspheres were then filtered with a 150-|im mesh and then diafiltered with a 
20-|im mesh and 30 L of 0.1% Tween at 2-8° C. The final microspheres were then dried as indicated in 

40 the Table. 
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Tabl 5: Effect of Drying Method on Initial Burst from MN rgpl20-PLGA 
Microspheres Prepared by the Water-in-Oil-in-Water Doubl Emulsion 
Meth d 

5 

C re Loading Initial Burst fr m Drying Meth d a (% f T tal) 

(% Ww) Wet b Lyo* c Fluidized Bed d 



15 



3.1 e 


2.9 


56.7 


31.0 


3.1 e 


12.6 


20.9 


13.3 


3.5e 


5.1 


21.8 


10.4 


3.8 f 


11.0 


22.5 


7.6 


3.9 f 


6.5 


22.9 


17.3 



a Microspheres were incubated in release media for 1 hour and the amount of protein released was measured (% 

release= 100% * (mass protein release/total mass in microspheres)). 
D Microspheres were analyzed immediately after production without drying. 

c Lyophilization was performed with the following cycle: 4.75 hr at -55° C, 12 hr at 20°C with 250 mTorr, 
20 and 6 hr at 20° C with 250 mTorr. 

d Fluidized bed drying was performed by passing nitrogen through the microspheres on a 20fim mesh in either 
a fluidized bed system (see Figure 4) or in an Ami con stirred cell where the nitrogen flow is directed upward. 

Table 6 provides similar data for microspheres encapsulating the adjuvant QS21 and MN gpl20. 

2 5 Microspheres were prepared by dissolving 3 g of PLGA in 10 mL of methylene chloride. 0.5 mL of MN 

rgpl20 (Batch 1: 76 mg; Batch 2: 56 mg) and 0.5 mL of QS21 (Batch 1: 94 mg; Batch 2: 105 mg) was 
injected into the PLGA solution while homogenizing at 15,000 rpm. After injection, the emulsion was 
homogenized for 1 min. The PLGA consisted of a 50:50 mass ratio of 12 kD (75:25 lactide:glycolide) 
and 100 kD (75:25 lactide:glycolide) from BI (Batch 1) or 12 kD (0.21 dIVg; 48:52 lactide/glycolide) and 
30 100 kD (0.76 dL/g; 48:52 lactide:glycolide) from BI (Batch 2). The first emulsion was performed at 1° 
C. The first emulsion was added to a well mixed fermenter containing 900 mL of a 9% PVA solution at 
3° C. After mixing for 1 min, the second emulsion was added to 12 L of prefiltered water at 2-8° C and 
allowed to harden for 1 hr. The microspheres were then filtered with a 150-|im mesh and then diafiltered 
with a 20-iim mesh and 30 L of 0.1% Tween at 2-8° C. The final microspheres were then dried as 

3 5 indicated in the Table. 
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10 



40 



Tabl 6: Eff ct of Drying Method on Initial Burst from QS21/MN rgpl20- 
PLGA Micr spheres Prepared by the Water-in-Oil-in-Water Doable 
Emulsion Method 
C re Loading Initial Burst from Drying Method 0 (% of T tal) 
(% w/w) Wet b Ly . c Vacuum d Fluidized Bed e 



Batch 1 










gpl20: 2.5 


2.4 


29.1 


28.8 


NDf 


QS21: 1.9 


ND 


28.6 


41.0 


ND 


Batch 2 










gpl20 8: 1.8 


16.6 


20.2 


ND 


14.9 


QS21: 3.5 


ND 


16.4 


ND 


10.1 



15 a Microspheres were incubated in release media for 1 hour and the amount of protein or QS21 released was 
measured (% release= 100% * (mass released/total mass in microspheres)), 
b Microspheres were analyzed immediately after production without drying. 

c Lyophilization was performed with the following cycle: 4.75 hr at -55° C, 12 hr at 20°C with 250 mTorr, 
and 6 hr at 20° C with 250 mTorr. 
20 ^ Vacuum drying was done by placing partially stoppered vials in a desiccator and pulling a vacuum at 2-8° C. 
e Fluidized bed drying was performed by passing nitrogen through the microspheres on a 20|im mesh in either 

a fluidized bed system (see Figure 4) or in an Ami con stirred cell where the nitrogen flow is directed upward. 
f ND = Not determined 

£ The initial burst for this sample was assessed by measuring the cumulative release over first two days since 

2 5 there was significant release on days 1 and 2. There was minimal release (less than 2%) from day 2 to 10. 

Table 7 provides similar data for microspheres encapsulating the adjuvant QS21. Microspheres 
were prepared by dissolving 3 g of PLGA (0.53 dL/g; 50:50 lactide/glycolide; MTT) in 10 mL of 
methylene chloride. 600 ul of QS21 (200 mg/mL in 50% ethanol) was injected into the PLGA solution 
30 while homogenizing at 15,000 rpm. After injection, the emulsion was homogenized for 1 min. This 
first emulsion was performed at 1° C. The first emulsion was then pumped to the inlet of a static mixer 
at 5 mL/min while a 9% PVA solution containing 10% ethyl acetate (3 °C) was pumped to the same 
inlet at 1.5 L/min. The outlet of the static mixer was attached to a stirred tank (hardening bath) 
containing 12 L of prefiltered water. After one hour in the hardening bath, the microspheres were filtered 

3 5 with a 150-um mesh and then diafiltered with a 20-u\m mesh and 30 L of 0.1% Tween at 2-8° C. The 

final microspheres were then dried as indicated in the Table. 

Table 7: Effect of Drying Method on Initial Burst from QS21-PLGA Microspheres 
Prepared by the Water-in-Oil-in-Water Double Emulsion Method 

Core Loading Initial Burst from Drying Method 8 (% of Total) 
(% w/w) Wet b Lyo* c Fluidized Bed d 

2.3 06 15 2 



45 

a Microspheres were incubated in release media for 1 hour and the amount of QS21 released was measured (% 

release^ 100% * (mass QS21 release/total mass in microspheres)). 
b Microspheres were analyzed immediately after production without drying. 

c Ly philization was performed with the following cycle: 4.75 hr at -55° C, 12 hr at 20°C with 250 mTorr, 
50 and 6 hr at 20° C with 250 mTorr. 

d Fluidized bed drying was performed by passing nitrogen through the microspheres on a 20pm mesh in either 
a fluidized bed system (see Figure 4) or in an Amicon stirred cell where the nitrogen flow is directed upward. 
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CLAIMS 

1 . A method for ncapsulating an active agent in microspheres, comprising 

(a) dissolving a polymer in an organic solvent to produc a solution;. 

(b) adding active agent to the solution of (a) to produce a polymer-active agent mixture 
5 comprising a first emulsion or suspension; 

(c) adding the mixture of step (b) to an emulsifkation bath to produce microspheres comprising 
a second emulsion; 

(d) hardening the microspheres of step (c) to produce hardened microspheres comprising 
encapsulated active agent; 

1 0 (e) drying the microspheres of step (d) in a fluidized bed. 

2. The method of claim 1 wherein the organic solvent is methylene chloride. 

3. The method of claim 1 wherein the organic solvent is ethyl acetate. 

15 

4. The method of claim 1 wherein the organic solvent is a mixture of ethyl acetate and benzyl 
alcohol or acetone. 

5. The method of claim 1 wherein the emulsification bath comprises a polyvinyl alcohol 

2 0 solution. 

6. The method of claim 5 wherein the polyvinyl alcohol solution contains ethyl acetate. 

7. The method of claim 1 wherein the active agent is a dry solid. 

25 

8. The method of claim 1 wherein the active agent is aqueous. 

9. The method of claim 1 wherein the active agent is an antigen. 

3 0 10. The method of claim 1 wherein the active agent is an adjuvant 

1 1 . The method of claim 1 wherein the fluidized bed comprises a system wherein a dry gas 
is passed across wet microspheres. 

3 5 12. The method of claim 1 wherein the polymer is a polyester. 

13. The method of claim 12 wherein the polyester is poly(I>I^lactide-co-glycolide). 
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14. The method of claim 1 wherein the active agent is a polypeptide. 

15. The method of claim 14 wherein the polypeptide is human growth hormone. 

5 16. The method of claim 14 wherein the polypeptide is gpl20. 

17. A composition comprising microspheres encapsulating an active agent wherein the 
microspheres are dried in a fluidized bed. 

10 18. The composition of claim 17 wherein the active agent is a dry solid. 

19. The composition of claim 17 wherein the active agent is aqueous. 

20. The composition of claim 17 wherein the active agent is an antigen. 

15 

21 . The composition of claim 17 wherein the active agent is an adjuvant 

22. The composition of claim 21 wherein the adjuvant is QS21. 

20 23. The composition of claim 1 7 wherein the active agent is a polypeptide. 

24. The composition of claim 23 wherein the polypeptide is growth hormone. 

25. The composition of claim 23 wherein the polypeptide is gp!20. 



25 



26. A method for preparing polylactide microspheres, comprising drying the microspheres 
in a fluidized bed. 
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